Water is the main limiting factor for agricultural expansion in arid and semi-arid regions as well as Egypt. So two field experiments were carried out during 2015 and 2016 summer season at the experimental farm of Sakha Agricultural Research Station, Egypt to enhance water productivity of rice using irrigation intervals, transplanting methods and weed control treatments. Strip split-plot design with three replicates was used in infested weedy soils. Irrigation intervals were in the horizontal plots, it was irrigate every three days as a farmer practices (I 1 ), every six days (I 2 ) and every nine days (I 3 ). Transplanting methods were located in vertical plots contained; transplanting in flat soil as a traditional method (M 1 ) and transplanting in bottom of raised-bed (M 2 ). While weed control treatments were assigned in sub-plots, it was penoxsulam (Granite) 24% SC (W 1 ), penoxsulam + orthosulfamuron 50% WG (Kelion) (W 2 ), thiobencarb50% EC (Citron) fb penoxsulam (W 3 ), weedy check (W 4 ) and hand weeding twice (W 5 ). Results showed that treatment of I 1 was the best in weed management, rice dry weight, number of panicles/m 2 , number of filled grain/panicle, 1000-grain weight and grain yield. Irrigation treatments of I 2 and I 3 saved about 20.7 % and 29.9 % of irrigation water compared to I 1 , while the highest productivity of irrigation water (PIW) were recorded by treatment of I 2 compared to I 1 and I 3 . The lowest fresh and dry weights of total weeds and the highest values of rice dry weight, number of panicles/m 2 , number of filled grains/panicle, 1000-grain weight were recorded by M 1 as compared to M 2 , in addition rice grain yield of M 1 was increased by 7.1 % compared to M 2 as mean of the two growing seasons. Transplanting method of M 2 saved about 21.2 % of irrigation water and increased PIW by 18.4 % compared to M 1 . The best weed management beside the highest values of number of panicles/m 2 , number of filled grain/panicle, 1000-grain and grain yield of rice were obtained by W 3 compared to rest weed control treatments and it take the descending order W 3 > W 5 = W 2 > W 1 > W 4 in the two seasons of study. The interaction of I 2 X M 1 X W 3 was superior treatment for rice grain yield. But, under shortage of water, increasing irrigation water productivity of rice could be achieved by the superior interaction of I 2 X M 2 X W 3 because it resulted in the highest irrigation water productivity of rice to be 0.98 kg m -3 .
INTRODUCTION
Rice consider the main source of calories for more than half of the world's population (Carrijo et al., 2017) . The per capita consumption of rice is more than 50 kg per year Globally (FAOSTAT, 2016) . Traditional transplanting method of rice as flooded paddy soils, requires higher water inputs than other cereal crops ( Pimentel et al., 2004 and Carrijo et al., 2017) .So many researchers around the world as well as in Egypt tested renewly transplanting methods and different irrigation regimes to find ways to save some of irrigation water without any considerable reduction in productivity to cope with the rapidly population increase and water shortage.
Seedling rice plant in beds and furrows saved about 60 cm of irrigation water compared to seedling in the traditional flat puddles (Devinder et al., 2005 and Jagroop et al., 2007) moreover, it increased water productivity by about 44 -50% compared to traditional transplanting (Jagroop et al., 2007) . Transplanting rice on the bed is the best transplanting technique because it increased yield and yield components compared to others transplanting methods (Khattak et al., 2006) . Transplanting rice on wide raised beds saved about 15%-24% form irrigation water compared to continuously flooded (Naresh et al., 2014) . In Egypt, transplanted rice in bottom of beds increased rice yield by 3 -20 % and water productivity by 58 -66%. Moreover, it saved about 27 -38% from irrigation water compared to transplanting in traditional flat soil (Meleha et al., 2008; El-Atawy, 2012 and Mahmoud, 2015) .
Irrigation intervals once every 5 -6 days recorded on par yield that irrigation once every 8-9 days and irrigation once every 11-12 days. While, it recorded significantly higher yield than irrigation once every 13-14 days and irrigation once every 16-17 in aerobic rice (Murali, 2009) . Grain yield was statistically the same under 8 days intervals and continuous flooding however, water consumption decreased by about 18% under 8 days interval, but the lowest grain yield were of 11 days interval (Ashouri, 2012 and Ashouri, 2014) .
Alternate wetting and drying for rice saved about 15% -50% from irrigation water (Naresh et al., 2014) and increased irrigation water productivity by 5-35% compared to continuous flooding (Romeo et al., 2004) . It could affect positively or negatively on rice grain yield depending on the degree or the period of wetting and drying cycles. There were no significant differences in grain yield among alternate wetting and drying and continuous flooding (Liang et al., 2016) . Rice grain yield and number of productive tillers were significantly greater under alternate wetting compared to continuous flooding (Norton et al., 2017) . On the other hand, there were significant decrease in rice grain yield when use severe alternate wetting and drying compared to continuous flooded (Carrijo et al., 2017; Kumar et al., 2017) . While the amount of saved irrigation water and water productivity increased when using alternate wetting and drying (Liang et al., 2016; Carrijo et al., 2017; Kar et al., 2017 and Kumar et al., 2017) .
Weeds is one of the most serious problems in rice production system especially in aerobic conditions and water shortage leading to wide irrigation intervals which motivate weed seeds germination and growth to compete with the crop on water, nutrients, place and light resulting in undesirable growth conditions for rice causing yield losses in the economic yield of rice (Abd El-Naby et al., 2017) . Bajavathiannan et al., (2011) concluded that weed management was higher in the flooded transplanting than furrow-irrigation method (up to 20% greater), because flooding effectively prevented the germination of most terrestrial weeds. In addition, rice grain yields were 13 to 14% greater in flooded compared with furrow-irrigated plots. Applying the mixture of fenoxaprop-ethyl + ethoxysulfuron at rate of 50 + 18 g ai ha -1 at 21 days after seeding (DAS) or pendimethalin followed by (fb) chlorimuron + metsulfuron at rate of 1000 and 4 g ai ha -1 applied at 3 fb 21 DAS was the most effective and economical herbicides to manage both of grassy and broadleaves weeds (Singh et al., 2008) .
The main objective of this study was to enhance productivity of irrigation water and rice yield using transplanting methods, irrigation intervals and weed control treatments. The mean values of some soil properties of the experiments site were determined before cultivation process, soil chemical properties were determined according to Page et al., (1982) . Soil physical properties i.e., , bulk density, total porosity, field capacity, permanent wilting point and particle-size distribution were determined according to Klute, (1986) as shown in Table ( 2). 
MATERIALS AND METHODS

Experimental design and treatments:
The experiment was laid out in a strip split-plot design with three replicates in infested weedy soils. Irrigation intervals were in horizontal plots included; irrigation every three days as a farmer practices (I 1 ), irrigation every six days (I 2 ) and irrigation every nine days (I 3 ). Transplanting methods were located in vertical plots, it was transplanting in flat soil as a traditional method (M 1 ) and transplanting on bottom of raised-beds (M 2 ). While weed control treatments were randomly allocated in sub-plots contained; penoxsulam 24% SC (Granite) (W 1 ), penoxsulam 24% SC + orthosulfamuron 50% WG (Kelion) (W 2 ), thiobencarb 50% EC (Citron) fb penoxsulam (W 3 ), weedy check (W 4 ) and hand weeding two times (W 5 ).
Irrigation water applied to each plot was determined using spile tubes, one spile of 10 cm inner diameter tubes to let water from field canal into every plot. The effective head of water above the cross section center of irrigation spile was measured several times. Stage gauges were located in each plot to measure water depth flowing through the spile. The amount of irrigation water in each application was added until it reaches the optimum submerged depth (7 cm), and the time of the water applied was recorded by a stop watch.
The amount of water delivered through the spile tube was calculated according to Majumdar (2002) by the equation (1) q=CA√2gh (1) Where:
q is irrigation discharge water (cm 3 /s), C is a discharge coefficient equal 0.62 (determined by experiment), A is the inner cross section area of the irrigation spile (cm 2 ), G is a gravity acceleration (cm/s 2 ), and H is the mean effective head (cm).
The volume of water delivered for every plot was calculated by substituting Q in the following equation (2) Q= q × T × n (2) Where:
Q is the volume of water m 3 / plot, q is the discharge (m 3 /min), T is total irrigation time (min) and n is number of spiles tube per each plot.
Seedlings of Sakha 107 cultivar as a new released rice cultivar was transplanted on the 1 st of June in 2015 and 5 th of June in 2016. Twenty-five days old seedlings were transplanted in hills spaced 20 x 20 cm for M 1 and 10 x 40 cm in the two rows at the bottom of beds for M 2 .
All treatments had 25 hills m -2 . Agricultural practices were applied as recommended.
Citron (thiobencarb 50% EC) at rate of 2.380 Kg ai ha -1 was added mixed with sand on flooded land at 4 days after transplanting (DAT) then kept soil flooded for three days after herbicidal application. Penoxsulam alone (W 1 ) at rate of 0.020 Kg ai ha -1 or mixed with Kelion (orthosulfamuron 50% WG) at rate of 0.0143 (W 2 ) were applied at 10 DAT, while Penoxsulam application after thiobencarb (W 3 ) was applied at 20 DAT. The three treatments were sprayed in 300 litter of water per hectare on wet land by using Knapsack sprayer then the soil was flooded after 24 hours from herbicidal application. Hand weeding (W 5 ) was applied two times at 20 and 40 DAT.
The collected data
At 30 days after herbicidal application, weeds were taken from 50 x 50 cm quadrate replicated four times per plot, weeds were cleaned then fresh weighted, air dried then oven dried to stable weight, dry weight as g m -2 was determined. Also, rice dry weight was evaluated by the same method. Before harvest, panicles were counted in two random quadrates of 50 x 50 cm and number of panicles per square meter was recorded. After rice maturity, plant of the central 5 m 2 from each plot were manually harvested to assess grain yield then rice grain yield recorded at 14% moisture content.
Productivity of irrigation water (PIW)
The Productivity of irrigation water in kg grain /m 3 was calculated according to (Ali et al., 2007) , as follows:
The statistical analysis
The collected data were exposed to proper statistical analysis of variance by the method described by Snedecor and Cochran (1971) . Weed data were statistically analyzed by MSTATC program after transformed according to square-root transformation (√[˲ + 0.5]), while collected data were analysed by MSTATC program then the means of both weeds and rice characters were compared by Duncan´s Multiple Range Test (Duncan, 1955) .
RESULTS AND DISCUSSION
A-Weed parameter:
The major weed species related with rice crop during the two growing seasons were grassy weeds including; Echinochloa colona (jungle rice) and Dinebra retroflexa and sedges included Cyperus difformis (small flower) in addition to broad leave weeds including (Ammania baccifera). Fresh and dry weights per square meter for each weed species then fresh and dry weights of total weeds were calculated and used as reliable indicators for weed distribution in rice plots.
1-Effect of irrigation intervals, transplanting methods and weed control treatments and their interactions on fresh and dry weights of total weeds during 2015 and 2016 seasons.
Data in Table ( 3) shows the effects of irrigation intervals, transplanting methods, weed control treatments and their interactions on fresh and dry weights of total weeds in 2015 and 2016 seasons. Irrigation every three days (I 1 ) recorded the lowest fresh and dry weights of total weeds followed by irrigation every six days (I 2 ), while the heaviest fresh and dry weights of total weeds were obtained from irrigated every nine days (I 3 ) in both seasons. It might be due to the continuous high moisture content of the soil under irrigation every three days which reduced weed seeds germination as compared to wide irrigation intervals. These findings are in agreement with those reported by Bagavathiannan et al., (2011 ) and Naresh et al., (2014) .
In respect to transplanting methods, data displayed in Table ( 3) also revealed that there were significant variations between traditional and raised-bed transplanting methods in fresh and dry weights of total weeds during 2015 and 2016 seasons. Traditional transplanting method (M 1 ) recorded the lowest values of both fresh and dry weights of total weeds as well as the best weed management as compared to raised-bed transplanting method (M 2 ) in the two growing seasons. Higher weed biomass under raised-bed technique might be due to irregular distribution of water beside low and up spots in the field which encourage weed seeds germination especially in high spots and produce higher weed growth and biomass. On the opposite, traditional transplanting on flat and leveled land keep regular distribution of water on soil surface delayed or reduced germination of weeds. Regarding weed management treatments, it is obvious from data in Table ( 3) that weed control treatments had significant effects on total weeds fresh and dry biomass in both seasons of the study. Application of W 3 weed control treatment (thiobencarb 50% at 4 DAT fb penoxsulam 24% at 20 DAT) gave the highest efficient weed management as well as the lowest values of both fresh and dry biomass of total weeds followed by hand weeding twice in the two growing seasons. On the other hand, the highest values of fresh and dry weights of total weeds were obtained by untreated plots (weedy check) in both seasons. These findings are in harmony with data obtained by Singh et al., (2006) and Chongthan et al., (2016) .
2-Effect of the interaction between irrigation
intervals and weed control treatments on dry weight of total weeds in 2015 and 2016 seasons. It could be observed from obtained data in Figure  ( 1) that the interaction among irrigation intervals and weed management treatments was markedly influenced dry weights of total weeds over the two seasons.
Application of W 3 in plots irrigated every three or six as well as irrigation every nine days recorded the lowest total weeds dry weight and best weed management in the two seasons, this may be due to high efficiency of sequential application of herbicides which inhibit weed seeds germination and kill the germinated weeds. While, the heaviest dry weight of total weeds was detected from untreated plots irrigated every nine days (I 3 ) in 2015 and 2016 seasons. Abou El-Darag et al., (2017) cited that the least dry weights of Echinochloa crusgalli, Cyperus difformis and total weeds, number of panicles / hill and the maximum rice grain yields were recorded under flooded plots received Thiobencarb at two rates of 2.4 and 3.6 kg ai ha -1 as compared to saturated land and irrigation 4 days on+ 6 days off. Table (4) . Traditional transplanting plots which irrigated every three days and treated with W 3 weed control treatment achieved the best weed control and lowest values of total weeds fresh weights over the two seasons. While, the heaviest fresh weight of total weeds was detected by untreated plots irrigated every nine days under raised-bed transplanting method in both seasons of study. The superiority of I 1 x M 1 xW 3 may be due to integration among uniformity of water distribution which increases herbicide efficiency in inhibition and killing weeds under traditional transplanting conditions, which reduce weed-crop competitiveness resulting in maximizing rice growth and yield. The ordinary analysis of variance (Table 5 ) displayed significant differences of yield and its components between transplanting methods. The highest values of dry weight, number of panicles/m 2 , number of filled grains/panicle and grain yield of rice in addition to 1000-grain weight were recorded by traditional transplanting method (M 1 ) through both growing seasons compared to raised-bed transplanting (M 2 ). Grain yield of transplanting method (M 1 ) increased by 7.1 % compared to (M 2 ) as mean of the two growing seasons. Bagavathiannan et al., (2011) found that rice grain yields recorded by flooded plots were higher than yields of furrow-irrigated plots by 13 to 14%. Data in Table ( 5) also showed that there are significant differences of rice dry weight, number of panicles/m 2 , number of filled grains/panicle, 1000-grain weight and grain yield among different weed control treatments. The highest significant positive effect on grain yield, number of panicles/m 2 , number of filled grains/panicle and 1000-grain weight was recorded by W 3 weed control treatment compared with rest weed control treatments of the two growing season. Rice grain yield and its components had the descending order W 3 > W 5 = W 2 > W 1 > W 4 in the two growing seasons. Rice dry weight appeared significant response to the interaction of I x M and M x W in both seasons of the study. Except for I x M interaction, number of panicles/m 2 didn't show any significant response under rest interactions, number of filled grains per panicle and 1000-grain weight also didn't show any significant differences under all interactions in the two growing seasons as shown in Table (5) . While, grain yield was significantly affected by I x W, M x W and I x M x W interactions in both growing seasons. Bagavathiannan et al., (2011) reported that weed control was superior in the flooded system compared with the furrow system (up to 20% greater), because flooding successfully prevented the emergence of greatest terrestrial weeds. These findings are in agreement with those obtained by Singh et al., (2006) and Abd El-Naby et al., (2017) .
intervals and weed control treatments on dry weight of rice during 2015 and 2016 seasons.
The interaction between irrigation intervals and weed control treatments significantly affected rice dry weight in the two growing seasons (Figure 2) . The highest values of rice dry weight were recorded by I 1 x W 3 followed by I 2 x W 3 interactions in the two growing seasons, while the lowest values of rice dry weight were found at I 3 x W 4 interaction in the two growing seasons. Hassan (2002) and Ahmed et al. (2014) . The interaction between irrigation intervals and weed control treatments had significant effects on grain yield of rice in both seasons of study ( Figure 5 ). The highest values of grain yield were obtained from I 1 x W 3 and I 2 x W 3 , this may be due to the high efficiency of W 3 in managing weeds under irrigation every three or six days which save more oxygen to root respiration and good vegetative growth and yield. While, the lowest values were recorded by I 3 x W 4 in the two growing seasons as shown in Figure (5) . These findings are in agreement with those reported by Norton et al., (2017) . Table ( 6) showed that the highest values of grain yield were found of I 1 x M 1 x W 3 and I 2 x M 1 x W 3 in 2015 and 2016 seasons on the same significance degree with I 2 X M 2 X W 3 in the second season. While, the lowest values of grain yield were recorded by I 3 x M 2 x W 4 interaction in the two growing seasons. Higher yield was obtained under these conditions may be due to good rice growth under short or medium irrigation intervals in addition to high efficiency of W 3 which gave the chance for rice to grow and maximize yields under both transplanting methods (Carrijo et al., 2017 and Kumar et al., 2017) . Irrigation interval of I 2 and I 3 increased PIW by 22.7% and 18.2% compared to irrigation interval treatment of I 1 as a mean of the two growing seasons. This finding can be explained on the base of increasing grain productivity of rice and lower water losses using transplanting method and weed control. These results are in harmony with those obtained by Bouman and Tuong, (2001) ; Romeo et al., (2004); Naresh et al., (2014); Mahmoud (2015) ; Marria et al., (2016) ; Basha and Sarma, (2017) who found that using irrigation periods, intermittent irrigation, alternative wetting and drying could reduce irrigation input of rice crops compared to continuous flooding as shown in Table (8) .
Transplanting method of M 2 increased PIW by 23.6% compared to M 1 as a mean of the two growing seasons. These result are in harmony with those obtained by Jagroop et al., (2007) ; Meleha et al., (2008) ; El-Atawy (2012); Naresh et al., (2014 ) and Mahmoud (2015) who found that transplanting rice in raised beds increased productivity of irrigation water from 44% to 66% compared to traditional flat planting method. Productivity of irrigation water at different weed control treatments had the descending order W 3 > W 2 = W 5 >W 1 >W 4 in the two growing seasons. It increased of W 1 , W 2 and W 3 by 101.6 %, 120.6% and 149.2% compared to W 4 as a mean of the two growing seasons. The increases in PIW values due to the fact that W 3 increases growth characters, photosynthetic activity and provide adequate nutrition for rice crop plants which play a major role in the efficient use and conservation of water resources. PIW determines the capability of the plants to convert the water applied to yield. The increases in PIW was mainly related to the role of weed control and planning method to promote and support growth which was the result of raising photosynthesis assimilation in building metabolites and consequently yield is enhanced.
The interaction between irrigation intervals, transplanting methods and weed control treatments showed significant differences in PIW between all interactions in the two growing seasons. The highest values of PIW resulted from I 2 x M 2 x W 3 flowed by I 3 x M 2 x W 3 interactions in the two growing seasons. It increased after these two interactions by 71% and 51.8% respectively compared to I 1 x M 1 x W 5 also, it increased after the same two interactions by 283.9% and 203.5% respectively compared to I 1 x M 1 x W 4 as a mean of the two growing seasons. While, the lowest values of PIW resulted from I 1 x M 1 x W 4 and I 3 x M 1 x W 4 to be 0.29 and 0.30 kg m -1 as mean of the two growing seasons. These results are in agreement with those obtained by (Mahmoud, 2015) who found that irrigation intervals every six days and transplanting rice in raised beds increased water productivity compared to traditional flat transplanting and irrigation intervals every three days as shown in Table (8) .
CONCLUSION
Irrigation every six days (I 2 ) using traditional transplanting method (M 1 ) treated with thiobencarb 50% EC fb penoxsulam 24% SC as weed control treatment (W 3 ) recorded the highest rice grain yield (10.60 tons ha -1 ). But under water shortage, irrigation water productivity of rice could be increased by the superior interaction of irrigation every six days (I 2 ) with cultivating rice in bottoms of raised-bed (M 2 ) treated with thiobencarb 50% EC fb penoxsulam 24% SC as weed control treatment (W 3 ) which produced the highest irrigation water productivity of rice to be 0.98 kg m -3 as mean of the two growing seasons.
